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,W LV REVHUYHG WKDW LQ PDQ\ FLYLO VWUXFWXUHV SDVVLYH ILUH SURWHFWLRQ UHTXLUHPHQW LV DUULYHG DW E\ SUHVFULSWLYH PHWKRGV
UHFRPPHQGHGE\1DWLRQDO%XLOGLQJ&RGH1%&RU,QGLDQ6WDQGDUGVUDWKHUWKDQDQDO\]LQJIURPILUHVDIHW\SRLQWRIYLHZXVLQJ
VWDQGDUGWHFKQLTXHOLNH)LUH+D]DUG$QDO\VLV)+$)+$KHOSVLQDQDO\]LQJ WKH ILUHKD]DUGDVSHFWV LQ WHUPVRISRVVLEOH ILUH
VFHQDULRV FRQVHTXHQFHV RI ILUH GHWHUPLQLVWLFDOO\SUREDELOLVWLFDOO\ MXGJHV WKH DGHTXDF\ RI ILUH SURWHFWLRQ IRU SUHYHQWLRQ
GHWHFWLRQVXSSUHVVLRQH[WLQFWLRQDQGFRQWDLQPHQWRIILUHDQGLWVHIIHFWV,WLVREVHUYHGWKDWDOPRVWLQDOOFDVHVRIILUHSURWHFWLRQ
RIFLYLOVWUXFWXUHVWKHUHVRXUFHVDUHQRWSURSHUO\XVHGQRUVDIHW\LVDVVHVVHGLQWKHZD\LWVKRXOGEH,PSURSHUUHVRXUFHXWLOL]DWLRQ
UHVXOWV LQ HQYLURQPHQWDO FRQFHUQ EHVLGHV WKH HFRQRPLF DVSHFW RI D SURMHFW 7KLV SDSHU GLVFXVVHV WKH SDVVLYH ILUH SURWHFWLRQ







1. Introduction  
&ROODSVHRIWKH7ZLQWRZHUVWRUH\:RUOG7UDGH&HQWHU:7&LQ1HZ<RUN86$RQ6HSWHPEHU
GXHWRWHUURULVWDWWDFNE\FUDVKLQJWZR%RHLQJDLUFUDIWVLQWRWKHEXLOGLQJDQGWULJJHULQJH[SORVLRQVZLWKILUH




WKH SDVVLYH PHDVXUHV ZLOO SURYLGH VXIILFLHQW ILUH UHVLVWDQFH WR SUHYHQW ERWK WKH VSUHDG RI ILUH DQG WKH VWUXFWXUDO
FROODSVH
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,Q ,QGLDQ VWDQGDUGV RQO\%,6 3DUW >@ GHDOVZLWK WKH VWDQGDUG ILUH WHPSHUDWXUHWLPH FXUYH ,62
VSHFLI\LQJWKHILUHUHVLVWDQFHRIFKHFNGRRUV1RRWKHU,QGLDQVWDQGDUGVSHFLILFDOO\WDONVRIWKHILUHEDUULHUUDWLQJ
EDVHGRQWKHVWDQGDUGILUHWHPSHUDWXUHWLPHFXUYH,QYLHZRIWKHPDQGDWRU\)+$IRUQXFOHDUIDFLOLWLHVDQGSRZHU
SODQWV LW LV QRZ SHUWLQHQW WR VSHFLI\ WKH ILUH WHPSHUDWXUHWLPH FXUYH EDVHG RQ K\GURFDUERQ ILUHV DQG RWKHU QRQ
K\GURFDUERQ ILUHV7KLV SURSRVHG DPHQGPHQWZLOO VROYH WKH SUREOHPRI VWDQGDUGL]DWLRQ RI LQGLJHQRXV ,QGLDQ ILUH
EDUULHUVRIVXLWDEOHILUHUDWLQJVDUULYHGRQWKHEDVLVRI)+$XVLQJVRIWZDUHWRROHJ)LUH'\QDPLFV6LPXODWRU)'6
>@RUDOWHUQDWLYHVXFKDVWKH]RQHPRGHOV2]RQH0$*,&>@&)$67>@),9(>@
)LUH SURWHFWLRQ SURYLVLRQ HVSHFLDOO\ WKH SDVVLYH RQHV FDQ EH RSWLPL]HG WR D JUHDW H[WHQW LI ZH DGDSW WKH
PHWKRGRORJ\>@>@>@ZKHUHLQWKHFUHGLWLVWDNHQIRUWKHLQKHUHQWVWUHQJWKRIVWUXFWXUDOPHPEHUVE\YLUWXHRI
WKHLUGLPHQVLRQVDQGZHLJKWV7KLVZD\ZHFDQUHGXFHWKHPDWHULDOUHTXLUHPHQWFRQVWUXFWLRQWLPHDQGFRVWDVZHOO
WRDJUHDWH[WHQW6R IDUPRVWRI WKH ILUHSURWHFWLRQPHDVXUHV LQWKH ,QGLDQVWDQGDUGVDUHVSHFLILF WRZDUGVWKHVDIH
HVFDSHRIWKHSHUVRQQHODQGQRWLQWKHLQWHUHVWRISURWHFWLQJWKHVWUXFWXUHDJDLQVWWKHFROODSVH7LOOGDWHWKH,QGLDQ
VWDQGDUGV LQFOXGLQJ QXFOHDU RQHV GR QRW VSHFLI\ WKH VSHFLILF ILUHPRGHOLQJ FRGHV WR FDUU\ RXW )+$ QRU GR WKH\
VSHFLI\ UHTXLUHPHQWV RQ DQ\ ILUH VLPXODWLRQ WR EH FDUULHG RXW ZLWKRXW ZKLFK WKH )+$ LV PRVWO\ SUHVFULSWLYH LQ
QDWXUH
2. Role of FHA 
)+$ LV D FRPSUHKHQVLYH DVVHVVPHQW DSSURDFK RI SRWHQWLDO ILUHV WR HQVXUH WKDW SUHYHQWLYH DV ZHOO DV
PLWLJDWLYHPHDVXUHVDUHLQSODFHVRDVWROLPLWWKHGDPDJHVIURPILUHVDQGWKHLUGDPDJLQJHIIHFWVWRDQDFFHSWDEOH
OHYHO ,$($ 6DIHW\ 5HTXLUHPHQW   RXW RI  IRU )+$ >@ VWDWHV WKDW ILUH SURWHFWLRQ V\VWHPV LQFOXGLQJ ILUH






7KH VFHQDULR LQFOXGHV GHWDLOV RI WKH ILUH VRXUFHV DQG FRPEXVWLEOHV SUHVHQW LQ WKH DUHD RI FRQFHUQ DUHDURRP
GLPHQVLRQVFRQWHQWVDQGPDWHULDOVRIFRQVWUXFWLRQDUUDQJHPHQWRIURRPVLQWKHEXLOGLQJVRXUFHVRIFRPEXVWLRQDLU
SRVLWLRQRIGRRUVZLQGRZVGDPSHUVQXPEHUVORFDWLRQVYHQWLODWLRQIORZVDQGRSHQLQJDUHDVZLWKKHLJKWRIORFDWLRQ






VWUXFWXUDO DQG QRQVWUXFWXUDO PHPEHUVFRPSRQHQWV RI D SODQWIDFLOLW\ )+$ LV FDUULHG RXW LQ YDULRXV VWDJHV RI D
SURMHFWOLIHF\FOHRIDSODQWRUEXLOGLQJGHVLJQFRQVWUXFWLRQSUHFRPPLVVLRQLQJFRPPLVVLRQLQJRSHUDWLRQHWF6R
IDU )+$ HJ LQ ,QGLD LV PDQGDWRU\ RQO\ IRU 1XFOHDU 3ODQWV DQG )DFLOLWLHV EXW QRW IRU QRQQXFOHDU
LQGXVWULHVIDFLOLWLHV ,QGHYHORSHG QDWLRQV WKH)+$ LVPDQGDWRU\ IRU DOO W\SHV RI HVWDEOLVKPHQWV EXLOGLQJV  HYHQ
UHVLGHQWLDO RQHV DQG DOO W\SHV RI SODQWV DQG LQGXVWULHV DV UHTXLUHG E\ UHJXODWRU\ DXWKRULWLHV IRU ILUH VDIHW\ DQG
LQVXUDQFH DV ZHOO 6DIHW\ DQG JHQXLQH FODLP RI ORVV GXH WR ILUH LQ WHUPV RI LQVXUHG YDOXH FDQ EH DVVXUHG DQG
HYDOXDWHGDVVHVVHGWRDJUHDWH[WHQWE\FDUU\LQJRXW)+$%RJXVRU)DOVH)LUH/RVV&ODLPVDUHQRWXQFRPPRQLQWKH
ZRUOGZKLFKFDQEHFKHFNHGE\)+$
3. Fire Simulation  
)LUHPRGHOLQJDQGVLPXODWLRQFDQEHFDUULHGRXWLQYDULRXVZD\V7KHUHDUHGLIIHUHQWILUHPRGHOVDGRSWHGWR
SRVWXODWHG ILUH VFHQDULRV EDVHG RQ WKH ILUH ORDG RI FRPEXVWLEOHV DQG LQIODPPDEOHV WKHLU TXDQWLW\ W\SH RI
FRPEXVWLEOHV YHQWLODWLRQ SDUDPHWHUV VXFK DLU R[\JHQ IORZ YHQWLODWLRQ RSHQLQJV YHQWLODWLRQ RSHQLQJ KHLJKW
REVWUXFWLRQVHWFLQWKHDUHDXQGHUFRQVLGHUDWLRQ
6RPH RI WKHZLGHO\ XVHG ILUHPRGHOV DUH OLVWHG EHORZ ZKLFK DUH W\SLFDOO\ DSSOLHG IRU ILUH VLPXODWLRQ LQ QXFOHDU
LQVWDOODWLRQV

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x =RQH0RGHOV&)$67),5(:,1'%5$1=),5(0$*,&
x )LHOG 0RGHOV RU &RPSXWDWLRQDO )OXLG '\QDPLFV &)'EDVHG PRGHOV )'6 )/8(17 -$60,1(
3+2(1,&660$57),5(62),(67$5&'HWF
$PRQJ WKHVHPRGHOV &)$67 >@ >@ DV ZHOO DV0$*,& >@ >@ DV ]RQHPRGHOV DQG )'6 >@ >@ DQG












DQG IRU %DODQFH RI 7XUELQH ,VODQG 3DFNDJHV %R7,3 RI ;0:H XQLWV RI 1XFOHDU 3RZHU 3ODQW 3URMHFWV LQ
*XMDUDWDQG5DMDVWKDQIRU1XFOHDU3RZHU&RUSRUDWLRQRI,QGLD/LPLWHG13&,/)LUHSURWHFWLRQSURYLVLRQLQWHUPV
RISDVVLYHILUHSURWHFWLRQRIVWUXFWXUHVDQGVWUXFWXUDOPHPEHUVOLNHFROXPQVEHDPVFHLOLQJVIORRUVZDOOVWUXVVHWF
ZHUH DVVHVVHG IRU DGHTXDF\ RI QHFHVVDU\ ILUH SURWHFWLRQ FRQIRUPLQJ WR WKH UHJXODWRU\ UHTXLUHPHQWV RI $WRPLF
(QHUJ\5HJXODWRU\%RDUG$(5%RI,QGLD
D-XVWLILFDWLRQRI3DVVLYH)LUH3URWHFWLRQ
  -XVWLILFDWLRQ RI SDVVLYH ILUH SURWHFWLRQ LQ WHUPV RI ILUH EDUULHU UDWLQJ FDQ EH DGHTXDWHO\ DGGUHVVHG E\
FRQVLGHULQJWKHIROORZLQJ





UDWLQJZKLFKPXVW EH JLYHQ FUHGLWZKLOH FDOFXODWLQJ WKH ILUH EDUULHU UDWLQJ RI VXFKSDVVLYH ILUH SURWHFWLRQ
VWUXFWXUH ,W LV REVHUYHG WKDW LQ PDQ\ FDVHV WKH ILUH UDWLQJV EDVHG RQ WKH LQKHUHQW UDWLQJV RI VWUXFWXUDO
PHPEHUVGXH WR WKHLU WKLFNQHVVZLGWKDQG OHQJWKKDYH ILUH UDWLQJV YDU\LQJ EHWZHHQ WR PLQXWHV RU
HYHQPRUHZLWKRXWDQ\DGGLWLRQDOILUHSURWHFWLYHFRDWLQJRUSDVVLYHSURWHFWLRQ7KHVHLQKHUHQWILUHUDWLQJV
DUH JLYHQ FUHGLW LQ 8615& 185(*  >@ DQG DOVR LQ 6)3(	 1)3$ +DQGERRN >@ ZKLFK DUH
ORJLFDOO\FRUUHFW6XFKLQKHUHQWILUHUDWLQJKDVEHHQOHYHUDJHGIRUPDQ\VWUXFWXUDOPHPEHUVLQVRPHRIWKH













V\QWD[ FRQVLGHULQJ WKH SURSHUWLHV RI WKHPDWHULDOV JHRPHWULHV GLPHQVLRQV9HQWLODWLRQ IORZV RSHQLQJ HOHYDWLRQ
DORQJZLWKDUUDQJHPHQWRIPDWHULDOVDQGREVWUXFWLRQVSUHVHQWLQWKHILUHDUHDFRPSDUWPHQW)LUHVLPXODWLRQEDVHGRQ
)'6PRGHOLQJDQG VLPXODWLRQ VDPSOH UHVXOWV IRU7HPSHUDWXUH YV7LPH&XUYHV IRU&RQWURO5RRP&DELQHW )LUH
+HDW)OX[ IRUDSODQWDUHDXQGHU ILUH7HPSHUDWXUH7LPH&XUYHV IRU VWUXFWXUDOPHPEHUVDQG&DEOH WUD\ LQDSODQW
DUHDXQGHUILUHDUHDVJLYHQLQ)LJ)LJDQG)LJUHVSHFWLYHO\
4. Fire Protection Provision of Structures 
)LUHSURWHFWLRQSURYLVLRQRIVWUXFWXUHVPDLQO\LQWHUPVRISDVVLYHILUHSURWHFWLRQRIVWUXFWXUDOFRPSRQHQWV
DUHGLVFXVVHGLQWKLVSDSHU$SSO\LQJ)LUH3URWHFWLYH3DLQWV)LUH%RDUGV,QWXPHVFHQW&HPHQW5&&EULFNZDOO
HQFDVLQJ WKH PHPEHUV HWF DUH WKH IHZ SRVVLEOH WUHDWPHQWV WKDW DUH SURYLGHG ZLWK WKH VWUXFWXUDO PHPEHUV RU
VWUXFWXUHV 7KH ILUH EDUULHU UDWLQJV RI WKHVH DUH HYDOXDWHG EDVHG RQ ILUH VLPXODWLRQ RXWSXWV DQG FRPSDULQJ WKH
WHPSHUDWXUHVZLWKUHIHUHQFHWRWKH6WDQGDUG)LUH&XUYHRI,62ZKLFKLVUHFRJQL]HGE\WKH,QGLDQ6WDQGDUGVDQG
5HJXODWRU\ ERGLHV ,62 6WDQGDUG )LUH &XUYH LV DOVR LQWHUQDWLRQDOO\ UHFRPPHQGHG DQG JOREDOO\ DFFHSWHG RQH
ZKLFKVKRZVYDULDWLRQRI WHPSHUDWXUHZLWK WLPHDVSHUWKHVWDQGDUG ILUH WHVWDVPHQWLRQHG LQ >@$V WKHFRVWRI
DGGLWLRQDO ILUHSURWHFWLRQPDWHULDOVQHHGHG WREHSURYLGHG IRUWKHVWUXFWXUHV VD\ VWUXFWXUDO VWHHO VWUXFWXUHV IRU7*
%XLOGLQJRI1XFOHDU3RZHU3ODQW 133LQ*XMDUDW.$33	 LVRIWHQKLJKHU WKDQHYHQRI WKH ILQLVKHG
VWHHOFRVWWKHILUHVLPXODWLRQEDVHGRXWFRPHVDUHXVHGWRUHGXFHWKHFRVWZLWKRXWQHJOHFWLQJWKHVDIHW\DVSHFWV
,WLVREVHUYHG WKDWDSSUHFLDEOHFRVW VDYLQJ EHVLGHVHQYLURQPHQWDOFRQFHUQUHVXOWVE\ UHDOLVWLFEXWZRUVW
FDVHILUHVLPXODWLRQEDVHGILUHUDWLQJVUDWKHUWKDQJRLQJIRUSUHVFULEHGYDOXHVHJKRXUIRUVDIHW\UHODWHGDQG
KRXU IRU QRQVDIHW\ UHODWHG VWUXFWXUHV HYHU\ZKHUH LQ D P;P;P 7XUER*HQHUDWRU %XLOGLQJPDGH RI
VWUXFWXUDO VWHHO $ URXJK HVWLPDWH VKRZV WKDW FRVWVDYLQJ LQ WHUPV RI DGGLWLRQDO ILUH SURWHFWLRQ SDLQW FRDWLQJ LV
REVHUYHG WR EH 0LOOLRQ86' IRU D VWHHO VWUXFWXUH WXUELQH EXLOGLQJ RI D VLQJOH 0:H133XQLW LQ.DNUDSDU
*XMDUDW,QGLD
7KLV LVEDVHGRQWKH IDFW WKDWDYHU\VLPSOHFDOFXODWLRQRI7RWDO)LUH3URWHFWLYH3DLQW$SSOLFDEOH6XUIDFH
$UHDRI6WUXFWXUDO6WHHOEHDPVFROXPQVDQGWUXVVIRUWKHDIRUHVDLG133RIWZLQXQLWZRXOGEHDURXQGP
DQGWKHGLIIHUHQWLDOFRVWRI,QGLDQ5V,15IRUDKRXU)LUH3DLQWYVKRXU)LUH3DLQWZRXOGUHVXOWLQDURXQG
0LOOLRQ86'ZKLFKLVFORVH WR0LOOLRQ86'LQWHUPVRI VDYLQJ LQ)LUH3DLQWFRVWDORQH%HVLGHV WKLV WKHUH
ZRXOGEHODERXUFRVWDQGGLIIHUHQWLDOFRVWRIDSSO\LQJYDU\LQJILUHUDWHGILUHEDUULHUVGRRUVZDOOVFDEOHZUDSVILUH
SURWHFWHG FDEOH SHQHWUDWLRQ VHDOV HWF IRU KRXU KRXU DQG ò KRXU  ZRXOG UHVXOW LQ DSSUHFLDEOH VDYLQJV
'LIIHUHQWLDOWUHDWPHQWRIILUHSURWHFWLRQLQWHUPVRIILUHUDWLQJZKHWKHUKRXURUKRXURUòKRXULVEDVHGRQWKH
ILUH KD]DUG DQDO\VLV XVLQJ ILUH PRGHOLQJ 	 VLPXODWLRQ WHFKQLTXHV DORQJ ZLWK GXH FUHGLW JLYHQ WR ,QKHUHQW )LUH
5DWLQJVDVH[SODLQHGLQQH[WVHFWLRQRIWKLVSDSHUZKLFKLVDKXJHFRVWVDYLQJIDFWRU
5. Regulatory Support & Discussion 
  /RWVRI6DIHW\5HJXODWRU\6XSSRUWLVQHHGHGLQYLHZRIVDIHW\DQGHQYLURQPHQW IURPUHVRXUFHXWLOL]DWLRQ
SRLQWRIYLHZ8QOHVVWKHUHJXODWRU\DPHQGPHQWVDUHLPSOHPHQWHGLQGXVWULHVDUHQRWJRLQJWRIROORZWKHILUHVDIHW\
PHDVXUHVEDVHGRQ)+$
  3UHVHQWGD\ UHJXODWRU\ ILUH VDIHW\ PHDVXUHV IROORZHG E\ PRVW RI WKH QRQQXFOHDU LQGXVWULHVVHFWRUV XVH
7DULII $GYLVRU\ &RPPLWWHH 7$& JXLGHOLQHV ZKLFK DUH DJHROG DQG RQ WKH YHUJH RI EHLQJ REVROHWH ,QGLDQ
6WDQGDUGVRQ)LUHVDIHW\QHHGVWREHFKDQJHGDORQJZLWKILUHVDIHW\UXOHV6RPHILUHVDIHW\UXOHVFRGHVKDYHFKDQJHG
EXW WKH FKDQJHV DUH QRW DGHTXDWHO\ XSWRGDWH )RU H[DPSOH %,6 RQ )LUH 3URWHFWLRQ RI (OHFWULF 3RZHU
*HQHUDWLQJ	'LVWULEXWLRQ6WDWLRQVKDVEHHQXSGDWHGVLQFH0DQ\QDWLRQDOFRGHVDOORZDUHGXFWLRQLQWKH





803 Prateep Roy /  Procedia Engineering  86 ( 2014 )  799 – 808 












IDFWRU WKDWDOORZV WKH LQWHUSRODWLRQRI ILUHSURWHFWLYHFRDWLQJ WKLFNQHVVHV7KLVLVDVSHU6RFLHW\RI)LUH3URWHFWLRQ
(QJLQHHUV6)3(+DQGERRNRQ)LUH3URWHFWLRQ(QJLQHHULQJ>@DQGDOVR185(*>@E\8615&%DVHG







 1HHG RI )+$ IRU DVVHVVLQJ DQG MXVWLI\LQJ WKH ILUH SURWHFWLRQ PHDVXUHV DSSOLHG WR VWUXFWXUH   DQG LWV
PHPEHUEDVHGRQILUHG\QDPLFVVLPXODWLRQRXWFRPHVDQGDQDO\VHV
 &UHGLWVKRXOGEHJLYHQWR,QKHUHQW)LUH5DWLQJRIDVWUXFWXUDOPHPEHURUVWUXFWXUHDORQJZLWK)+$ILUH
VLPXODWLRQ GHULYHG SDUDPHWHUV DQG ILUH UDWLQJV VR DV WR RSWLPL]H EHWZHHQ FRVW DQG VDIHW\ EXW ZLWKRXW
FXUWDLOLQJ WKH VDIHW\ DVSHFW +XJH 6DYLQJ LQ 3URMHFW 5HVRXUFHV LQ WHUPV RI &RVW 0DWHULDO 0DQKRXU
&RQVWUXFWLRQ7LPHHWFGRUHVXOWLI)LUH3URWHFWLRQ0HDVXUHVDFWLYHDQGSDVVLYH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Sample Heat Flux Profile from FDS Output
Pumps separated by 
Fire Walls





Diesel Engine Operated Pumps
Fig. 2
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